Epigallocatechin-3-gallate (EGCG), the most abundant polyphenol in green tea extract, has been found to have anticancer activities in various types of cancer. However, the underlying mechanisms are not completely clear. In the present study, the effects of EGCG on migration, invasion, angiogenesis and epithelial-mesenchymal transition (EMT) induced by nicotine in A549 non-small cell lung cancer (NSCLC) cells were investigated, and the underlying molecular mechanisms were preliminarily examined. The results showed that different concentrations of EGCG significantly inhibited nicotine-induced migration and invasion. Moreover, EGCG reversed the upregulation of HIF-1α, vascular endothelial growth factor (VEGF), COX-2, p-Akt, p-ERK and vimentin protein levels and the downregulation of p53 and β-catenin protein levels mediated by nicotine in A549 cells, but had no significant effect on their mRNA levels. Furthermore, EGCG markedly inhibited HIF-1α-dependent angiogenesis induced by nicotine in vitro and in vivo, and suppressed HIF-1α and VEGF protein expression induced by nicotine in A549 xenografts of nude mice. Taken together, the results indicated that EGCG inhibited nicotine-induced angiogenesis and EMT, leading to migration and invasion in A549 cells. The results of the present study suggested that EGCG can be developed into a potential agent for the prevention and treatment of smoking-associated NSCLC.
Introduction
Lung cancer is a leading cause of cancer-related mortality worldwide. Non-small cell lung cancer (NSCLC) comprises ~80% of all lung cancers (1) . Cigarette smoking is the most important risk factor of NSCLC. Nicotine, the principal chemical component in tobacco smoke associated with addiction, is involved in the progression and metastasis of NSCLC (2) . Accumulating experimental evidence has demonstrated that nicotine and its metabolites promotes migration and invasion in lung cancer cells (3) (4) (5) . Angiogenesis, the formation of new blood vessels from a pre-existing vascular network, is essential for tumor migration, invasion and metastasis (6) . Epithelialmesenchymal transition (EMT), a process by which epithelial cells lose the epithelial phenotype and gain the mesenchymal phenotype, is largely thought to play a key role in invasion and metastasis (7) . Nicotine has also been found to enhance angiogenesis (8, 9) and EMT (4, 5) in NSCLC cells. Angiogenesis and EMT play a crucial role in the development and progression of NSCLC (6, 10) . Thus the inhibitors of angiogenesis and EMT mediated by nicotine may be developed into chemopreventive agents of smoking-associated NSCLC.
Green tea, widely consumed in Asia, contains polyphenolic compounds that account for 30% of the dry weight of the leaves. Previous epidemiological studies and meta-analysis have revealed that green tea consumption reduces the risk of lung cancer (11, 12) . The chemopreventive effects of green tea are mediated by polyphenolic compounds known as catechins including (-)-epigallocatechin-3-gallate (EGCG), (-)-epicatechin-3-gallate (ECG), (-)-epigallocatechin (EGC) and (-)-epicatechin (EC), with EGCG being the most abundant and powerful catechin in cancer prevention and treatment (13, 14) . A growing body of evidence has demonstrated that EGCG inhibits migration and invasion in a variety of cancer cells (15) (16) (17) . In a previous study, we found that EGCG inhibited angiogenesis by downregulating hypoxia-and serum-induced hypoxia-inducible factor 1α (HIF-1α) protein accumulation and vascular endothelial growth factor (VEGF) expression in
Epigallocatechin-3-gallate inhibits nicotine-induced migration and invasion by the suppression of angiogenesis and epithelial-mesenchymal transition in non-small cell lung cancer cells
human cervical carcinoma and hepatoma cells (18) . Previously, we demonstrated that EGCG inhibits human papillomavirus (HPV)-16 oncoprotein-and IGF-1-induced angiogenesis in NSCLC by targeting HIF-1α (19, 20) . Furthermore, nicotine induces HIF-1α protein expression in NSCLC cells through the nicotinic acetylcholine receptor-mediated signaling pathway (8) . However, the effect of EGCG on angiogenesis induced by nicotine in NSCLC cells has not been reported. EMT promotes the invasion and metastasis of various types of cancers including NSCLC (7, 10) . EGCG has been found to inhibit EMT mediated by a variety of factors (21) (22) (23) . Liu et al have reported that EGCG inhibited transforming growth factor-β (TGF-β)-mediated EMT in NSCLC cells via inhibition of the Smad2 and Erk1/2 signaling pathways (21) . Ko et al also found that EGCG negatively affected TGF-β1-mediated EMT by suppressing the acetylation of Smad2 and Smad3 in A549 NSCLC cells (22) . However, the effect of EGCG on nicotineinduced EMT in NSCLC cells remains to be determined.
In the present study, we determined the effect of EGCG on nicotine-induced migration, invasion, angiogenesis and EMT in NSCLC cells. To the best of our knowledge, the results of the present study showed for the first time that, EGCG inhibited nicotine-induced angiogenesis and EMT in A549 NSCLC cells, leading to the suppression of migration and invasion. Furthermore, we found that EGCG suppressed Akt and ERK1/2 activation induced by nicotine. These findings provide further evidence with regard to the underlying molecular mechanisms involved in the anticancer effect of EGCG on smoking-associated NSCLC.
Materials and methods
Drug and reagents. EGCG was purchased from Sigma (St. Louis, MO, uSA), dissolved in distilled water at a concentration of 100 mM and stored at -80˚C as a stock solution. Nicotine was also obtained from Sigma. Complete protease inhibitor cocktail was from Roche (Mannheim, Germany). Mouse anti-human HIF-1α monoclonal antibody was purchased from Bd Transduction Laboratories (San diego, CA, uSA). Vime ntin, β-catenin, total and phosphorylated Akt (Ser473) or ERK1/2 (Thr202/Tyr204) antibodies were purchased from Cell Signaling Technology (Beverly, MA, uSA). Antibody for β-actin was purchased from Beyotime Biotechnology Corporation (Shanghai, China). Horseradish peroxidase (HRP)-conjugated secondary antibodies were obtained from Cell Signaling Technology. The human VEGF ELISA development kit was purchased from Wuhan Boster Bio-Engineering Co., Ltd. (Wuhan, China). One-Step SYBR ® PrimeScript ® RT-qPCR (no. dRR086A) was purchased from Takara Biotechnology Co., Ltd. (dalian, China). Transfection reagent (Lipofectamine™ 2000) was obtained from Invitrogen Corporation (Carlsbad, CA, uSA). An In Vitro Angiogenesis Assay kit (ECM625) was obtained from Millipore (Temecula, CA, uSA). An In Vivo Angiogenesis Assay kit (no. 354248) was obtained from Bd Biosciences (Bedford, MA, uSA). HiCN Hemoglobin detection kit was purchased from Shanghai Rongsheng Biotech Co., Ltd. (Shanghai, China).
Cell culture and treatment with EGCG. The human A549 NSCLC cell line (adenocarcinoma cell line) and human umbil-ical vein endothelial cells (HuVECs) were obtained from the American Type Culture Collection (ATCC; Rockville, Md, uSA). The cells were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS), penicillin (100 u/ml) and streptomycin (100 µg/ml). Cultures were maintained at 37˚C in a humidified atmosphere with 5% CO 2 . Exponentially growing cells (~80% confluence) in complete media were pretreated for 1 h with different concentrations of EGCG, followed by exposure to nicotine (5 µM) for the indicated time points according to the purpose of the experiment.
Wound-healing assays. A549 cells were plated and grown to 80% confluence in a 24-well plate (Corning Inc.). The cells were starved in 1% FBS for 24 h and then washed with phosphate-buffered saline (PBS). The cells were scratched with a sterile 200 µl pipette tip in each well and medium containing 10% FBS and 5 µM nicotine in the presence or absence of EGCG. After 24 and 48 h, the wounds were observed and images were captured. The data were representative of three independent experiments.
Cell invasion assays. The invasive ability of A549 cells was assayed using 24-well invasion chambers (Corning Inc.) with filters coated with Matrigel (BD Biosciences) on the upper surface with 8.0-µm pores. Briefly, Matrigel was applied to the upper surface of the chambers. A549 cells (5x10 4 ) in 0.2 ml medium were added into the upper chamber, and 0.5 ml 10% FBS medium in the presence or absence of 5 µM nicotine or different concentrations of EGCG (10, 25, 50 and 100 µM) was added into the lower chamber. After incubation at 37˚C with 5% CO 2 for 36 h, non-migrating A549 cells on the upper surface of the chambers were removed by wiping with cotton swabs. The filters were stained with hematoxylin for 30 min. The number of cells migrating on the other side of the filters was counted. The data are representative of three independent experiments.
Western blot analysis. Nicotine-or EGCG-treated A549 cells were lysed with cell lysis buffer containing 20 mM Tris (pH 7.5), 150 mM NaCl, 1% Triton X-100 and sodium pyrophosphate, β-glycerophosphate, EdTA, Na 3 VO 4 , leupeptin phenylmethyl-sulfonyl fluoride (PMSF), and complete protease inhibitor cocktail (Roche) followed by incubation at 4˚C for 1 h. The lysates were ultra-sonicated and centrifuged at 12,000 x g for 10 min. Protein concentrations were determined by BCA methods. Protein (100 µg) was separated on 10% polyacrylamide-SdS gel and electroblotted onto PVdF membranes (Millipore). After blocking with 5% skim milk, the membrane was incubated overnight at 4˚C with primary antibody against HIF-1α, vimentin, β-catenin, total-Akt (t-Akt), phosphorylated Akt (p-Akt), total-ERK1/2 (t-ERK1/2), or phosphorylated-ERK1/2 (p-ERK1/2), followed by incubation with HRP-conjugated secondary antibodies (1:1,000). As a loading control, the blots were stripped and re-probed with anti-β-actin antibody.
RT-qPCR analysis. Total RNA was isolated from cells using TRIzol ® reagent (Invitrogen). RT-qPCR analysis of HIF-1α and VEGF mRNA levels was performed using One-Step SYBR ® PrimeScript ® RT-PCR (Biotechnology Co., Ltd.) according to the manufacturer's instructions. The primers designed for RT-qPCR were as follows: HIF-1α, forward: 5'-TCTGGGTTGAAACTCAAGCAACTG-3' and reverse: 5'-CAACCGGTTTAAGGACACATTCTG-3' (GenBank, NM_001243084.1); human VEGF, forward: 5'-TGCTTCTGA GTTGCCCAGGA-3' and reverse: 5'-TGGTTTCAATGGTG TGAGGACATAG-3' (GenBank, NM_003376.5); p53, forward: 5'-GAGGCCTTGGAACTCAAGGATG-3' and reverse: 5'-TCAGGCCCTTCTGTCTTGAACA-3' (GenBank, NM_000546.4); COX-2, forward: 5'-CTGTAACCAAGATGG ATGCAA-AGA-3' and reverse: 5'-GTCAGTGACAATGAGA TGTGGAA-3' (GenBank, NM_000963.2); β-actin, forward: 5'-TGGCACCCAGCACAATGAA-3' and reverse: 5'-CTAAGT CATAGTCCGCCTAGAAGCA-3' (GenBank, NM_001101.3). The primers were produced by Takara Biotechnology Co., Ltd. The thermocycling conditions used were: 42˚C for 5 min, 95˚C for 10 sec, followed by 40 cycles at 95˚C for 5 sec, and 60˚C for 31 sec. The size of the PCR product of HIF-1α, VEGF, p53, COX-2 and β-actin was 150, 176, 137, 195 and 186 bp, respectively. The relative HIF-1α, VEGF, p53 and COX-2 mRNA levels were normalized to β-actin. The experiment was repeated in triplicate.
Enzyme-linked immunosorbent assay (ELISA). The concentration of VEGF protein in the conditioned media derived from nicotine-or EGCG-treated A549 cells was determined using a human VEGF ELISA development kit according to the manufacturer's instructions. The results were normalized to the cell number (5x10 3 cells). The experiments were repeated in triplicate.
RNA interference. HIF-1α-siRNA (sense strand, 5'-GCCGCuC AAuuuAuGAAuATT-3') and non-specific (NS)-siRNA (sense strand, 5'-uuCuCCGAACGuGuCACGuTT-3') duplexes were generated by Shanghai GenePharma Co., Ltd. (Shanghai, China). Transfection was performed using the Lipofectamine™ 2000 transfection reagent according to the manufacturer's instructions.
In vitro angiogenesis assay. An in vitro angiogenesis assay kit was employed according to the manufacturer's instructions (Millipore). HuVECs (5x10 3 cells/well) were seeded onto the surface of 96-well cell culture plates pre-coated with polymerized ECMatrix™ and then incubated at 37˚C for 6-8 h in the conditioned media derived from nicotine-treated A549 cells transfection with HIF-1α-siRNA or NS-siRNA. In parallel studies, HuVECs were cultured in the conditioned media derived from nicotine-treated A549 cells pretreated with 100 µM of EGCG. Tubule formation was observed under a phase-contrast microscope. The total tube length in three random view-fields/wells was measured by Scion Image software and the average value was calculated. The experiment was repeated in triplicate.
In vivo angiogenesis assay. Male nude mice (BALB/C nude) (6-8 weeks old) were purchased from the Animal Center of Southern Medical university (Guangzhou, China). Experiments with animals were undertaken in accordance with the institution guidelines of the Institutional Animal Care and use Committee of Southern Medical university and Guangdong Medical College. Nicotine-or EGCG-treated A549 cells were re-suspended in serum-free media at a density of 8.0x10 6 cells/ml and 0.25 ml (2.0x10 6 cells in total) of cell suspension was mixed with the same volume of Bd Matrigel Matrix (0.25 ml). The Bd Matrigel mixture was subcutaneously injected into the two flanks of nude mice. On day 11, the mice were euthanized and Matrigel plugs were harvested, with half of each Matrigel plug fixed with 10% neutral formalin for immunohistochemical studies and the other half weighed for the determination of hemoglobin content as previously described (20) .
Immunohistochemistry. The expression of HIF-1α and VEGF proteins in Matrigel plugs was analyzed by immunohistochemistry as previously described (20) . Briefly, formalin-fixed Matrigel plugs were paraffin-embedded and sectioned at 4 µm. The sections were then deparaffinized in xylene, rehydrated through serial dilutions of alcohol and washed in PBS (pH 7.2). The sections were heated in a microwave oven twice for 5 min in citrate buffer (pH 6.0) and then incubated overnight at 4˚C with primary antibody, followed by incubation with streptavidin/HRP-conjugated secondary antibodies. The conventional streptavidin/peroxidase method (Histostain™-Plus kits, SP0023; Beijing Biosynthesis Biotechnology, Co., Ltd., Beijing, China) was used to develop signals, and the cells were counterstained with hematoxylin. The sections incubated with secondary antibodies in the absence of primary antibodies served as negative controls.
Statistical analysis. data are presented as the mean ± Sd for three separate experiments. One-way ANOVA, Bonferroni and dunnett-T3 were employed for statistical analysis using SPSS 19.0 for windows software. P<0.05 was considered to indicate a statistically significant result.
Results

EGCG inhibits nicotine-induced migration and invasion in A549 cells.
A wound-healing assay was carried out to assess whether EGCG affects the migratory properties of A549 cells induced by nicotine. Similar to recent results (3), we found that nicotine enhanced A549 cell migration (Fig. 1A) . However, EGCG significantly inhibited the migration of A549 cells induced by nicotine in a dose-dependent manner, with the maximal efficiency being observed at 100 µM EGCG treatment (Fig. 1A) . The effect of EGCG on invasion induced by nicotine in A549 cells was examined. As shown in Fig. 1B and C, treatment of cells with nicotine promoted cell invasive property. However, EGCG inhibited the invasive property of A549 cells induced by nicotine in a dose-dependent manner, and the maximum effect was observed at 100 µM EGCG treatment. Taken together, the results indicated that EGCG inhibited nicotine-induced migration and invasion in A549 cells.
EGCG reverses the upregulation of HIF-1α, VEGF, COX-2, p-Akt, p-ERK and vimentin protein levels and the downregulation of p53 and β-catenin protein levels mediated by nicotine in A549 cells.
To determine the effects of EGCG on angiogenesis and EMT mediated by nicotine in A549 cells, the expression of angiogenesis-and EMT-associated proteins was analyzed. Western blot analysis was carried out to assess the expression of HIF-1α, p53, COX-2, vimentin, β-catenin, p-Akt and p-ERK, and ELISA was performed to determine VEGF concentrations in the conditioned media derived from differentially treated cells. The results showed that nicotine significantly upregulated the expression of HIF-1α, VEGF, COX-2 and vimentin proteins in A549 cells, but downregulated the expression of β-catenin and p53 proteins in A549 cells ( Fig. 2A, B and d) . However, EGCG significantly reversed the effects of nicotine on the expression of these proteins in A549 cells ( Fig. 2A, B and d) . We also assessed whether EGCG affects the activation of Akt and ERK induced by nicotine in A549 cells. The results showed that EGCG inhibited the expression of p-Akt and p-ERK induced by nicotine in A549 cells (Fig. 2C ). Taken together, our results suggested that EGCG inhibited angiogenesis and EMT mediated by nicotine in A549 cells.
EGCG has no significant effect on the expression of HIF-1α, VEGF, COX-2 and p53 mRNA mediated by nicotine in A549 cells. Since EGCG affected the expression of HIF-1α, VEGF, p53 and COX-2 proteins induced by nicotine in A549 cells, to assess whether the alteration of HIF-1α, VEGF, p53 and COX-2 expression can be regulated at the transcriptional levels, we measured mRNA levels by RT-qPCR. As shown in Fig. 3 , treatment of cells with nicotine upregulated HIF-1α, VEGF and COX-2 mRNA levels and downregulated the p53 mRNA level as compared to the controls, whereas EGCG treatment had no obvious effects on HIF-1α, VEGF, p53 and COX-2 mRNA levels mediated by nicotine. These results suggested that EGCG affected the expression of HIF-1α, VEGF, p53 and COX-2 proteins mediated by nicotine in A549 cells possibly through translational or post-translational mechanisms.
EGCG inhibits HIF-1α-dependent angiogenesis induced by nicotine in vitro and in vivo, and suppressed HIF-1α and VEGF protein expression induced by nicotine in A549
xenografts of nude mice. To determine the effects of EGCG on nicotine-induced angiogenesis in A549 cells, an in vitro angiogenesis model was employed to evaluate the capillary tube formation of HuVECs stimulated by the conditioned media derived from A549-treated cells. Since VEGF is one of the downstream genes of HIF-1α (24, 25) , to investigate whether the increased expression of VEGF and angiogenesis induced by nicotine in A549 cells was mediated by HIF-1α, A549 cells were transfected with HIF-1α-specific siRNA (HIF-1α-siRNA) or HIF-1α non-specific siRNA (NS-siRNA). The results showed that A549 cells treated with nicotine enhanced the ability to stimulate the formation of capillary tube-like structures by HuVECs as compared to the controls. Furthermore, A549 cells treated with EGCG or transfection with HIF-1α-siRNA inhibited the nicotine-induced ability to stimulate the formation of capillary tube-like structures by HuVECs as compared with nicotine-treated cells (Fig. 4A) , which was further confirmed by quantification of the total Figure 3 . EGCG has no significant effects on the expression of HIF-1α, VEGF, p53 and COX-2 mRNA mediated by nicotine in A549 cells. Exponentially growing cells in complete media were pretreated for 1 h with different concentrations of EGCG, followed by exposure to nicotine (5 µM) for 16 h. The expression levels of (A) HIF-1α, (B) VEGF, (C) p53 and (D) COX-2 mRNA were determined by RT-qPCR. The data are presented as the mean ± SD from three replicate experiments. *P<0.05. EGCG, epigallocatechin-3-gallate; VEGF, vascular endothelial growth factor. tube length pixel values (P<0.05; Fig. 4B ). However, such inhibition of angiogenic abilities was not observed in NS-siRNA-transfected cells (P>0.05; Fig. 4A and B) .
We performed a Matrigel plug angiogenesis assay using BALB/C nude mice to observe the effect of EGCG on nicotine-induced tumor angiogenesis in vivo. The results showed that Matrigel plugs mixed with nicotine-treated cells obviously induced angiogenesis in vivo (Fig. 5A) , showing much higher hemoglobin levels than those in the controls (P<0.05; Fig. 5B ). Moreover, Matrigel plugs mixed with EGCG or HIF-1α-siRNA-transfected cells significantly inhibited angiogenesis in vivo stimulated by nicotine ( Fig. 5A) , showing barely detectable or low hemoglobin levels (P<0.05; Fig. 5B ). However, Matrigel plugs mixed with NS-siRNA-transfected cells did not inhibit angiogenesis in vivo induced by nicotine ( Fig. 5A and B) .
In addition, immunohistochemical results showed that xenografts of A549 cells treated with nicotine exhibited a significantly enhanced expression of HIF-1α and VEGF proteins as compared to the controls (Fig. 5C ). The enhanced expression of HIF-1α protein was inhibited by transfection with HIF-1α-siRNA, but not by transfection with NS-siRNA (Fig. 5C ). The increase of VEGF expression induced by nicotine was abrogated by transfection with HIF-1α-siRNA, but not by transfection with NS-siRNA. These results indicated that the upregulation of VEGF protein expression induced by nicotine was HIF-1α-dependent in the xenografts of A549 cells. Taken together, these results indicated EGCG markedly inhibited HIF-1α-dependent angiogenesis induced by nicotine in vitro and in vivo, and downregulated HIF-1α and VEGF protein expression in A549 xenografts of nude mice.
Discussion
Cancer progression is associated with the abrogation of normal biological characteristics that limit cell proliferation, migration and invasion, eventually leading to metastasis (26) (27) (28) . Since metastases are a major cause of recurrence and mortality in cancer patients, the development of new drugs that reduce invasion and metastasis is extremely important for the prevention and treatment of cancer. In the present study, we demonstrate that EGCG obviously inhibited the migration and invasion induced by nicotine in A549 cells, suggesting that EGCG holds great potential as a chemopreventive agent in nicotine-associated NSCLC.
EMT is a critical normal process during development and wound healing. However, the properties of EMT were shown to be involved in human pathology, including fibrosis and cancer metastasis (29, 30) . EMT facilitates tumor cell migration, invasion and metastasis, and therefore may also be a major mechanism of tumor progression (26) (27) (28) . The results presented in this study showed that nicotine upregulated the expression of vimentin but downregulated the expression level of β-catenin, an extracellular matrix protein marker. However, treatment with EGCG reversed the expression of vimentin and β-catenin mediated by nicotine in A549 cells. Previous findings have demonstrated that the decrease in E-cadherin and β-catenin levels with a concurrent increase in the vimentin level is one of the hallmarks of EMT in lung cancer cells (31) (32) (33) . Therefore, EGCG may be important in suppression of EMT mediated by nicotine in A549 NSCLC cells. Angiogenesis is required for tumor migration, invasion and metastasis (6) . In the present study, we found that EGCG also inhibited nicotine-induced angiogenesis in vitro and in vivo. Thus, the results suggest that EGCG-inhibited nicotine-induced migration and invasion may at least occur in part, through the suppression of EMT and angiogenesis.
HIF-1α and VEGF play an important role in tumor invasion and metastasis, particularly in tumor angiogenesis (34) . It has been reported that the expression of HIF-1α and VEGF was related to a poor prognosis and a worse overall survival (34) (35) (36) . It has been previously demonstrated that hypoxia-stabilized HIF-1α promoted EMT through increasing SNAI1 transcription in hepatocellular carcinoma cells (37) , and that vascular endothelial growth factor receptor-1 (VEGFR-1) activation enhanced migration and invasion of breast cancer cells through EMT (38) . To identify the mechanisms by which EGCG inhibited nicotine-induced angiogenesis and EMT, we determined the expression of HIF-1α and VEGF. Our results show that EGCG significantly inhibited nicotine-induced HIF-1α and VEGF protein expression in A549 cells and in A549 xenografts of the nude mice, indicating that EGCG-inhibited nicotine-induced angiogenesis and EMT may be associated with the inhibition of HIF-1α and VEGF protein expression.
HIF-1α, a key transcriptional factor, governs the expression of a large array of hypoxia-responsive genes, including VEGF, COX-2 and p53 (39) (40) (41) (42) . COX-2, a key regulator of inflammationproducing prostaglandins, can promote tumor cell proliferation and growth. p53, an important tumor suppressor, holds a crosstalk with HIF-1 (42) . In the present study, we found that nicotine-induced angiogenesis in vitro and in vivo and VEGF protein expression in A549 cells were HIF-1α-dependent. Additionally, we analyzed the expression of other downstream protein of HIF-1α, including COX-2 and p53. We found that EGCG inhibited nicotine-induced COX-2 protein expression, and concomitantly upregulated the p53 protein level. However, EGCG had no obvious effects on the expression of HIF-1α, VEGF, COX-2 and p53 mRNA mediated by nicotine in A549 cells. These results suggest that EGCG altered the expression of HIF-1α, VEGF, COX-2 and p53 proteins mediated by nicotine through a post-transcriptional mechanism.
The PI3K/Akt and ERK1/2 signaling pathways have been found to be involved in tumor angiogenesis and EMT stimulated by various factors (43, 44) . These signaling pathways are important in the development and progression of NSCLC (45, 46) . Therefore, targeting PI3K/AKT and ERK1/2 signaling pathways may be an emerging treatment strategy for NSCLC (47, 48) . In the present study, to the best of our knowledge we have for the first time demonstrated that, EGCG suppressed nicotine-induced Akt and ERK1/2 activation, providing the new evidence of a novel molecular mechanism for the anticancer action of EGCG on smoking-associated NSCLC.
In conclusion, to the best of our knowledge, we have demonstrated for the first time that, EGCG significantly inhibited nicotine-induced EMT and angiogenesis in vitro and in vivo, leading to the suppression of migration and invasion in A549 cells. Our findings suggest that EGCG is a potential agent for the prevention and treatment of smoking-associated NSCLC.
